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ABSTRACT

The conversion of cellulose (Solkaflock) with different aqueous feed ratio with 35 bar reducing
gases (H, and CO) were studied in a batch autoctave system at 350°c in presence of 5% P/ALO,
catalyst. Under these conditions, the conversion showed a general increase with increasing
solvent/feed ratio, but more significantly when CO was used as the reducing gas. This is perhaps
due to the better contact between the feed and catalyst as well as greater amount of solvent space.
Decomposition of cellulose yielded mainly oil of relatively low oxygen content and high heating
value. Increasing S/F ratio were produced lower amounts of oil and char but increasing the
higher yields of water-soluble fractions. This is probably due to the higher liquefaction of
gaseous products. Moreover, the oil were obtained from 10:1 (S/F ratio with H, gas) was
contained 20.0% lights in comparison with 6:1 (S/F ratio with H, gas) contained 56.0% lights
which is due to higher methanation reactions in 10:1 S/F ratio.

INTRODUCTION:

The effect of water to wood ratio has been found to be an important parameter during
liquefaction with Na,CO, and CO (1). In run 1, 2, 3, and 4, the effect of solvent /feed ratio, on
the liquefaction of cellulose was studied using 5% Pt/ALO, catalyst in presence of CO and H,
as reducing gases with water into fuels.

EXPERIMENTAL PROCEDURE:

These experimental works were conducted with 1-liter rocker stainless steel autoclave reactor,
cellulose, catalyst and water were charged to it. Hydrogen or Carbon monoxide was added to
the desired pressure (35 bar) and the autoclave was then brought to operating temperature at
350°. and reaction time was 2 hours. After cooling the autoclave, the product gas was collected
in a gas measurement system and were analyzed by GC. The aqueous phase was separated by
decantation and the remaining oil and solids were removed by ‘adding acetone, then were refluxed
for 6 hours. Then filter it with filter paper by water vacuum. The residue is char and catalyst,
was dried in an oven at 110°% for overnight. The filtrate was oil and acetone. The oil was
recovered from acetone by rotaevaporation. These oil were further separated into lights, waxes
by using solvent- heptane and then separated into asphaltene, resins,by using toluene. The feed,
char, and oils were analyzed by elemental analyser.

RESULTS AND DISCUSSIONS:

The reaction inputs, operating parameters and products distribution were shown in Table 1; and
depicted graphically in Figure 1.

From the Table 3, the elemental analysis, it is seen that an increase in the H/C atomic ratio and
a decrease in O/C atomic ratio as S/F changed from 6:1 to 10:1 in oils of runs 1 and 2 which
indicate that increasing S/F ratio did not really promote the quality of oils.

The oil obtained from run 1 contained 56.0% light volatile whereas run 2 contained 20.0 %.
Also, both Asphaltenes and resins of run 2 were greater in yields than those of run | which is
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due to higher methanation (CO + H, ----- > CH,) reactions in run 2, that is more hydrogen
consumed to form CH, not to hydrogenation with heavier fractions like Asphaltenes and resins.

However, in runs 3 and 4; both of which involved the use of CO as reducing gas. More lights
59.0% and smaller amounts of resins 17.2% and asphaltenes (11.5%) were produced relative to
those of run 3; which probably the water-gas shift reaction was greater because of the greater
volume of water present.

CO + H,0 - > CO, + H,

Therefore, the hydrogen is produced in situ which could have gained access to the sites and
substrate molecules faster than the hydrogen present in the gaseous phase.

The calorific value of oil in run 1 is 7.840 Kcal/g (S/F ratio, 6:1) which is higher than that in
run 2, 7.730 Kcal/g (S/F ratio, 10:1) when hydrogen is used as reducing gas. On the other hand,
when CO is used as reducing gas, the calorific value of oil in run 4, (S/F ratio 10:1) is 8.530
Kcal/g is higher than that in run 3, (S/F ratio 6:1), 7.620 Kcal/g which is not likely as before.
In both the cases, the increase in calorific value was probably due to higher yields of lighter
materials in the oils and not to changes in S/F ratio.

The IR spectra and GC analysis of product gases in figure 3 and product gas distribution in table
5 is seen that run 3 and 4 were produced higher yields of CO, than run 1 & 2 because of
predominance of the water-gas shift reaction in the CO atmosphere.

Run 2 produces higher yields of hydrocarbon gases which may probably the activity of the
catalyst in hydrogen atmosphere.

In run 4, was produced low yield of hydrogen 3.14%, in comparison with run 3, 15.22%, may
probably the reactivity of hydrogen produced in situ. If hydrogen was used up as postulated, then
lower yields were expected.

The solvent water is a necessary component of the mixture undergoing the oil forming reaction.
The source of water are as follows:

@) First, most substrates contain large amounts of moisture.

()  Second, since most organic wastes are highly oxygenated, water is formed merely by
heating them to reaction temperature; so it is a reaction product.

©) Third, added to the reaction mixture as a solvent.

Moreover, Water acts as a solvent, vehicle and reactant. Solvation can occur between the
hydroxyl groups of the substrate and water. It is an excellent medium for intermediate hydrolysis
of cellulose and other high molecular-weight carbohydrates to water soluble sugars. The primary
reactions in the conversion to 0il likely involve formation of low molecular-weight, water soluble
compounds such as glucose or pyruvic acid.

Water is a mechanical vehicle for facilitating mixing of reactants and preventing condensations
to char by diluting the intermediates. Water acts as a reactant. The hydrogen added to the
substrate comes from water, which consumes carbon monoxide by reacting with it to form
carbon-di-oxide and hydrogen (Water gas shift reaction).

CONCLUSION:

1) Lower S/F ratio resulted in greater yields of gaseous products, oil and chars. Higher S/F
ratio resulted in greater yields of water solubles and water,

2) O/C atomic ratio decreased with increase in S/F ratio.

3) Changes in S/F ratio had no direct effect on the calorific values of the oils.
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4)  Under CO atmosphere, when the S/F ratio was 6:1, the product of gases were contained
a higher percentage of H, (15.22%) than S/F ratio 10:1 (3.14%).

5) The high partial pressure of steam raises the operating pressure to levels where capital
costs would be high.

6) The heat required to bring water to the operating temperature and pressure adds
considerably to the operating costs and

7 The separation of the oil and water phases during the product recovery step is sometimes

encumbered by emulsions.

8) In case of tetralin, it can participate with the reaction at low temperature as well as low
partial pressure raised; aithough water is more cheaper than tetralin.

REFERENCES:

1) R. L. Eager, J.F. Mathews and J.M. pepper, "Liquefaction of Aspen poplar wood", Can.
J. Chem. Eng., 60, 289- 294, (1982).

2) J. Brendenberg, M. Huuska, J. Raty and M. Korpio, "Hydrogenolysis and Hydrocracking
of the carbon-oxygen bond”, J. Cata., 77, 242-247, (1982),

4) R.B.Anderson, "The Fischer-Tropsch Synthesis”, Academic Press, (1984).

' 3 P.N. Rylander, M. Kilory and V. Coven, Engelhard Ind. Tech. Bull, 6, 11, (1965).

5) 1. Monchida, "Efficient Liquefaction of Australian Brown Coal with a Hydrogen-Donating

Solvent Under Atmospheric Pressure”, Fuel, 60, 746-747, (1981).

APPENDEX:

Tuble; | Reaction inputs , Parsmeters and Froduct distribution

Au 1 T2 3 4
n s i - B .
Foed type (Solkatiock) &1 | 101 : 81 10:1
Foed (g) w0 | 408 w0 w8
Catalyst % PVALD, . SWAVALD, ¢ SWVALD,  SWPWAD,
Catayst () 10 10 10 1.0
Suspension medum-watery) 2400 | apg0 . 2400 4080
Reducng §as H, H, ' co co
Roueng gas (g) r2bo 1% ,29.34 12240
TOTAL INPUT (g} 28313 451.40 !:uo.:u 471.9
Tumperature (°C) 1350 350 !aso 250
Intal Pressure (@m) 35 35 3 35
Heatng o tme (hr) 22 20 |20 20
Reacion ume {hr.) 20 20 120 20
Ve, Reacion Press. um) 2000 2500 2100 2550
Frad Reacon Fress. (am) izz_o 18.0 3.0 40.0
TOTAL OUTPUT () |2152 aar8 2057 amo
N Pecowery ¥om Auwociew 1 972 %20 | 9528 980
Product Distribution ;
]
Gas recovered (g) (95 80 7 720
Water-sohuole action (g) |33 120 a5 140
ol @ 124 95 85 180
Cher + Camyst (@ 130 23 75 20
Watsr-recovered (@) 12470 aso 2065 4188
Water-Produced (g) 70 80 65 1108
% Gos Proowsd (g 1842 1568 | 1850 125
% Watersobk racion 825 29.41 125 343
% Of 1310 23.28 | 2128 19.60
% Crar ‘50 318 {1625 2.40
% Water-Produced i11s 19.60 | 1625 26.47
|
% TOTAL RECEIVED |g80.17 9115 | 81.50 9527
% CONVERSION-  'e2a7 51 17525 %2
|
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Table2.  Prodict of gas recovery
! Run |SIFr Convarsion | (nival
jratio % oas Gassous Product
| ' Q
| volat (Mol [wt [Net [%
STP.  [wt. (@ [w. Prod'd

1 16:1 94.37 FAK] 73 294 (95 {737 [10.42
2 1o 95.51 16 69 280 (8.0 {64 15.68
3 {61 75.25 221 15.0 430 [28.7 {66 16.50
. 11001 96.23 221 145 420 [27.2 (51 125

* SolventFeed ralic




Table no.  3.Elemental Analysis
i i - c |oc | Caions
Run |SF |ingal Temp. | Foed Type | % Conversion Foed stock Char analysis Oil analysis M ntc
aw | Press. | ogy vahe
tamm.) {Keabg)
% “~ A LY % “~ L] * L] % - LY LY % L]
c H N o Ash |C H N Q Ash |C H N o Ash
|
1 611 JS(H) 30 Cotwioss 92.37 415 161 NO 524 {ND 633 |57 02 j300 |08 721 |69 9.7 |NO 1.14 Q20 {7840
3 ] amey [0 fcomuon Jes s [61 |nD |s24 {nD 584 [48 (08 {320 [40 [740 |78 100 |02 {128 |01 [7.7%
3 |61 [35CO |30 |Comdoss |7525 w5 {61 [N [ses {no 632 40 [03 {280 |75 [ma2 (72 15 [os [1.17 Jose [7620
4 [1wa]jasco [x0 Jcouws (9623 415 [61 {ND 524 [nO |37 [60 203 nz s 190 |23 [1.25 Jo20 {8530
S/F ratio = Solvent/Feed ratio
* Estimated by difference
Table no.  4,Product oil composition
|
! Product oil composition Elemental analysis
Run | Inital Temp. | Feed Type Heptane Toluene Toluene
Press °C) Sotuble soluble insoluble
(atm.) (bait) )
'Hemane Heptane | Tduene Toluene
Soluble Soluble Saluble Insowble f % % % % [% % % % [% % % %
(%) ( boil} (%) (%) Cc H 0 Ash|C H O Ash|C H O Ash
Light (%) (Asphaienes) | (Resins)
volatiles | (Waxes)
1 » H, 350 Celluose 56.0 145 17.2 123 822 75 103 ND | 802 65 28 105!/768 65 15 152
2 B Hy | W0 Celluose 200 a0 45.0 20 750 50 200 — | 700 55 110 135|685 62 20 22
3 35CO 350 Celdose 46.4 75 28.3 17.8 797 78 120 05 (707 79 190 24 |780 58 160 02
4 lssco 30 | Geluose 520 123 1ns 17.2 725 48 207 20 | 692 50 223 35 |665 55 28 5.2
Table §. Product of gus distribution
Run 1 2 3 4
Temperawn (o) 350 ilSO 50
Pressure (atm) 35 35 13s(Ccoy 35 (COy
i
SIF ratio 6:1 10:1 16:1 10:1
Gas H, H, Ico co
% Co, 2883 17.70 1 58.16 a2
H
%CO 4148 2522 2451 286
%, 0.082 158 091 214
%© CH, 0039 053 Tozs 0.60
wc, 0.044 0.05 028 00
«CH, 0.049 057 031 0.03
%CH, 00124 0.01 joos 001
% Butane - 0.03 i-
% Isobutylene '
% 1-Butane [
% Cis-2-butene 00233 0.07 1012 003
% Trans-zbutens | 0.0353 0.05 0.08 a.04
% Butagiena 0.0050 0.03 008
% Tota) a1 45.84 18478 9%6.86
i
72 ]
% Hpup,* 2, 54.16 152 i1e

"% Hy+ Unidentitied Peaks were estimated by ditference.
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